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INTRODUCTION
The interest in using polymeric materials derived from renewable resources increases by the day because of the considerably improved environmental awareness of society and concerns about the depletion of petrochemical based plastics [1] . Poly(lactic acid), PLA, seems to be a polymer of choice which satisfies this surge of demand, the requirements of large scale processing and application, at the same time.
PLA has several advantages, among others it can be produced from renewable resources [2] thus its application does not generate supplementary CO 2 emission [3] , it is recyclable and compostable, it has good stiffness and strength, and its properties can be modified and adjusted to a large number of applications in various ways [4] [5] [6] . On the other hand, this polymer has some drawbacks as well, including moisture sensitivity, fast physical ageing, poor impact resistance and relatively high price [4] [5] [6] . As a consequence, many attempts have been made to modify it by plasticization [7] [8] [9] [10] [11] [12] [13] , copolymerization [14] [15] [16] [17] [18] [19] , blending [20, 21] or by the production of particulate filled or fiber reinforced composites [11] [12] [13] [22] [23] [24] [25] [26] [27] [28] [29] [30] .
Physical ageing leading to increased stiffness and de-creased deformability contribute significantly to the poor fracture resistance of PLA. Many attempts have been made to improve impact resistance by blending it with elastomers.
Poly(ε-caprolactone) PCL, for example, is a biodegradable polymer with excellent deformability and impact properties, thus it appears to be very appropriate for the modification of PLA. Unfortunately, the melt blending of the two polymers results in marginal improvement of toughness at the price of a considerable decrease in stiffness and strength as a result of complete immiscibility and weak interfacial adhesion [31, 32] . In order to improve compatibility and achieve a more advantageous combination of properties, several methods have been applied, e.g. the addition of block copolymers such as PCL-PLA diblock [33] [34] [35] , triblock [33, 36, 37] and random copolymers, a PCL-PEG copolymer [38] , a PEO-PPO-PEO triblock copolymer [39] or several commercial impact modifiers [40] compatibilizers [41] [42] [43] . The method possesses considerable potential, since structure and properties can be controlled relatively easily by the proper selection of components, blend composition and processing conditions. Two or multiple step compatibilization by maleic anhydride is a good example for this approach [44] [45] [46] . However, one-step blending and compatibilization possesses several advantages, both from an economical and environmental point of view, since it enables the elimination of several processing steps. Such a process was reported by Dubois et al. [47, 48] more than ten years ago. The ring-opening polymerization (ROP) of cyclic esters initiated by the hydroxyl groups of biopolymers like starch [47] , dextran [48] or partially substituted cellulose acetate [49] [50] [51] is a convenient method for the preparation of block copolymers via reactive processing, although various other combinations are also possible.
The goal of this study was to prepare PLA-PU blends with improved properties compared to those of PLA. Blends were prepared by reactive processing and physical blending. were calculated from force vs. deformation traces measured on the same specimens at 5 mm/min cross-head speed.
RESULTS AND DISCUSSION
The results are presented and discussed in several sec- 
Reactive processing
As mentioned earlier we anticipated that block copolymers can be formed from the two polymers through the reac- 
Structure
The morphology of the blends was analyzed by SEM and AFM. Both methods showed heterogeneous structure in the physical and also in the reactor blends. Height and phase imaging tapping mode AFM across the length scales were shown to be adequate techniques to investigate the microphase separated structures of polyurethanes [52] [53] [54] . Recently AFM based mechanical mapping techniques were able to determine the elastic moduli of phase separated PUs at nanoscale resolution [55] . Tapping mode AFM does not allow one to obtain quantitative mechanical maps because distinguishing adhesive and elastic contributions to the phase signal is impossible [56] . In order to be able to assign a specific domain with certainty to the tapping mode phase signal, complementing AFM based mechanical mapping was done (Fig. 4) providing quantitative surface elastic moduli [57] . In a Peak Force
Tapping experiment the local elastic modulus is estimated from the force distance curves using the Derjaguin-Müller-Toporov (DMT) mechanical contact model. According to the DMT model the forces of the AFM tip-surface interaction are
where F i is tip-sample-force, E * reduced elastic modulus, r The formation of such inclusions might result from the presence of PLA-b-PU block copolymer molecules, while their existence forecasts good interaction, but also to the possibility of the development of a structural formation of submicron scale at large PU contents. The formation of such a structure might influence properties considerably.
Properties
The composition dependence of some properties may give The composition dependence of the properties and the corresponding microstructures prove that reactive processing was effective and both the structure and the interfacial adhesion of the components improved as a result.
Interfacial interactions
SEM and AFM studies confirmed that structure is hetero- The tensile strength of the blends was plotted in the linearized form as indicated above (see Eq. 2) in Fig. 12 .
We obtain straight lines in both cases with dissimilar slopes. The deviation from the straight line at large PU content may be ascribed to phase inversion, while the deviation of the intersection from the matrix value may be caused by different structure or failure mechanism in the neat polymer and the matrix, respectively. We determined the value of parameter B from the slope of the lines and calculated C.
We obtained 21.6 and 73.1 for the physical and the reactor blend, respectively. As comparison, a very small value of C = 2.9 was obtained for the PVC/PP blend of poor compatibility, while 39.9 for the miscible PPO/PS blend both prepared by physical mixing [59] . These values and the comparison show that interactions are reasonably strong already in the physical blend, but they are further improved by reactive blending.
CONCLUSIONS
The analysis and comparison of the structure and properties of physical blends and materials produced by reactive processing proved that the coupling of the phases was successful in the latter. Coupling resulted in more advantageous structure and properties than in physical blends as 48 Fig. 12 
